The world population growth and the increasing purchasing power have raised the demand for animal proteins, especially meat and milk. This has made it essential to intensify livestock production by making it productive, efficient and at the same time sustainable, which today is a great challenge for cattle ranchers. The objective of this study is to evaluate the effects of coexistence with weeds on productivity, nutritional quality and potential of greenhouse gas (GHG) emission by Guinea grass (Panicum maximum cv. Mombasa) in pasture renewal conditions. The experiment was set up in randomized blocks, four replications, with treatments consisting of eight periods of coexistence: 0, 15, 30, 45, 60, 75, 90 and 120 days after seedlings emergence. Phyto-sociological evaluations were performed in the weed community at the end of each coexistence period. The Guinea grass was evaluated as for morphological, chemical and bromatological parameters and as for the potential of total gas, methane and carbon dioxide emission. The results show that productivity, nutritional quality and energy value of Guinea grass decreases proportionally to the increase in the period of coexistence with weeds. The non-coexistence with weeds provides a better in vitro digestibility of organic matter and, consequently, decreases the GHG emission potential by the dry matter of Guinea grass.
Introduction
The model of cattle production based on extensive areas has been historically practice in most tropical countries. This extensive model is based on extractive activities in which the needs of soil-plant system are not considered. (Macedo, 2009; Santos et al., 2011) .
The role of forage plants in extensive model is of primary importance with regard to animal production. It has a direct impact on zootechnical indexes and socioeconomic aspects of most tropical countries. Thus, pastures are one of the main factors responsible for the sustainability and viability of several animal production systems, especially ruminants (Gléria et al., 2017) . causing a reduction of the physiological reserves of forages. Such competition, associated with the grazing of animals, causes a series of damages to pastures, which favor the survival of invading plants (Marchi et al., 2017) .
Upon competing for growth factors, weeds may also reduce the grasses' capacity to support pastures, increase pasture formation and recovery time, cause injury and/or intoxication, and compromise the aesthetics of the property Bellé et al., 2018; Marchi et al., 2019) . Thus, the extractive aspects of the system of exploitation associated with the consequences of the presence of weeds compel animals to eat foods with a low nutritional value, which provides lower feed efficiency, lower animal performance and, consequently, higher methane emission (CH 4 ) per kilogram of meat produced (De Zen et al., 2008) .
It is of extreme importance to note that the emission of CH 4 is not only associated with environmental problems related to greenhouse effects, but also represents energy losses of the food consumed by animals. This energy should be used to meet the desired production level (Sejian et al., 2011) . For this reason, feed strategies for ruminants should be developed to minimize the energy losses that occur during the methanogenesis process and, therefore, provide an increased productivity of the sector while reducing greenhouse gas emissions (Kumar et al., 2009) and increasing the economic viability of the system. The objective of this work was to study the interaction of weeds with the productive components, nutritional quality, energy potential and greenhouse gas (GHG) production potential of Guinea grass in grazing renewal conditions.
Material and Methods

Description of the Area
The experimental phase of this research was conducted in a degraded pasture area located at the geographic coordinates 15º52′29″ S and 52º18′37″ W from December 2013 to May 2014. The climate of the region, according to the Köppen classification, is Aw. It is characterized by average temperatures above 27 ºC in the hottest months (November to February), average temperatures over 18 ºC in the coldest months (June to August), and average annual rainfall between 1,000 and 1,500 mm, distributed in two well-defined periods: a season of intense rains from October to March and a period of drought between April and September.
The soil of the area is classified as a Red-Yellow Latosol, and had the following chemical and physical characteristics: pH in CaCl 2 of 4.3, 22.0 g dm -3 of organic matter, 3.8 mg dm -3 of P resin, V of 23.5%, contents of K, Ca, Mg and H+AL of 0.15, 0.66, 0.42 and 4.0 cmolc dm -3 , respectively, 692 g kg -1 of sand, 97 g kg -1 of silt and 211 g kg -1 of clay, which characterizes it as having a sandy loam texture.
The preparation of the area was carried out initially by eliminating the existing vegetation by a post-emergence application of the herbicide glyphosate at the dose of 3.0 L ha -1 .
After, soil fertility was corrected according to the recommendations of Vilela et al. (2004) , by which the equivalent of 2,000 kg ha -1 of limestone was applied to raise the base saturation to 50%. Later, a procedure of incorporation of limestone and elimination of vegetal remains was performed. Sowing fertilization consisted of 250 kg ha -1 of the formulation 5-25-15 (N-P 2 O 5 -K 2 O), manually distributed over the soil surface.
The sowing of Guinea grass was carried out at the beginning of the rainy season with a uniform grain distribution machine applying the equivalent of 8.0 kg ha -1 of seeds. Soon afterwards, the seeds were manually incorporated to the soil at the average depth of 2.0 cm using a comb.
The experiment was arranged according to a randomized complete blocks design with four replications. The treatments consisted of eight periods of coexistence of the weed community with the forage grass (0, 15, 30, 45, 60, 75, 90 and 120 days after the emergence of plants-DAE). The treatment equivalent to 0 (zero) day was considered as the absolute control, in which there was a total absence of coexistence between weeds and forages during the entire period of conduction of the experiment.
Weed Community Evaluation
The characterization of the weed population was performed by phytosociological survey at the end of each coexistence period. The evaluations were carried out in the useful area of each experimental plot using a 0.50 × 0.50 m plastic frame randomly placed inside the plots. The species forming the weed community inside the frame were identified, numerically quantified and taken to the laboratory. There, they were washed, packed in paper bags and dried in a forced-air circulation oven at 65 ºC for 72 hours until constant weight. After this procedure, the dry biomass of shoots of the collected species was determined using a precision scale of 0.01 g. The relative importance of the species (RIs), which simultaneously expresses the density, dominance and frequency of the individuals present in the weed community (Monquero et al., 2014) , was determined by the number and dry biomass of plants.
At the end of each coexistence period, the weed community was removed from the plot by application of 1.5 L ha -1 of herbicide formulated on the basis of 40 g L -1 of acid equivalent of aminopyralid + 320 g L -1 of acid equivalent of 2,4-D applied at plant post-emergence. Applications of the herbicide were carried out whenever necessary with a CO 2 pressurized spray containing a four-tip spreader bar XR 11002 calibrated to dispense the volume of syrup equivalent to 200 L ha -1 .
Forage Morphostructural Characteristics
The morphometry and the structure of Guinea grass were evaluated at the end of the experiment period, that is, at 120 days after emergence (DAE) of seedlings. At this point, tiller height (cm), tiller diameter (mm), height of the first green leaf (cm), number of green leaves and number of dry leaves were determined in ten tillers randomly collected within each plot. The tillers were then fractionated into leaf and stem, and the dry biomass of the respective fractions was obtained according to the aforementioned methodology. It was possible to determine the relation between green leaf dry biomass/green stem dry biomass (leaf/stem) using the dry biomass data. The ratio tiller height/height of the first green leaf (HT/HFGL) was determined using height data.
The productivity of Guinea grass was also evaluated at 120 DAE. We obtained the average height (m) of the forage canopy. Soon afterwards, we collected samples by cutting the plants at 10 cm of height from the soil within the area delimited by the of 0.50 × 0.50 m plastic frame. The samples were randomly chosen within the experimental unit. Then, they were taken to the laboratory and fractionated into green leaves, green stems and dead matter. The dry biomasses of green leaf (g), green stem (g), dead matter (g) and total matter (g) were obtained according to the methodology previously described. The inflorescences eventually existing were considered as green stems.
With the dry biomass data it was possible to estimate the yield (g m -2
). The volumetric density (g m -3
) of respective fractions was obtained dividing the yield by the height of the forage canopy.
Forage Nutritional Quality
Other samples of forage grass were collected at 120 DAE, and dried in the laboratory as mentioned previously, but without any fractionation. The dried samples were then ground in a Willey mill until they reached a particle size of 1.0 mm.
Half the milled samples were sent to the laboratory to determine crude protein (CP), neutral detergent fiber (NDF), acid detergent fiber (ADF) and indigestible neutral detergent fiber (iNDF) as proposed by Silva and Queiroz (2002) . The analyses of acid detergent insoluble nitrogen (ADIN) and acid detergent fiber-bound nitrogen (N-ADF) were performed according to the methodology proposed by Licitra et al. (1996) . The analyses of in vitro digestibility of organic matter (IVDOM), total digestible nutrient (TDN), digestible energy (DE) and metabolizable energy (ME) were performed as proposed by Seker (2002) .
The levels of CP, NDF, FDA, ADF, iNDF, ADIN, N-ADF and IVDOM are expressed as dry matter percentage (%DM), and DE and ME values are expressed as mkal kg -1 of DM.
Potential in vitro Gas Production
The other half of the ground samples was used to evaluate Guinea grass as for the potential of total gas production, CH 4 and carbon dioxide (CO 2 ), following a methodology adapted and proposed by Paschoaloto et al. (2016) , where the gas produced over a 24-hour period is expressed as mL g -1 of DM. The gas concentration was analyzed using a Trace GC UltraTM gas chromatograph, Thermo Scientific.
Statistical Analysis
The results of morphology, productivity, nutritional quality and gas production potential variables were subjected to analysis of variance by F test using the AgroEstat statistical software (Barbosa & Maldonado Jr., 2015) . The effects of the treatments were compared by Scott Knott test (P ≤ 0.05) and are expressed as mean values (±mean standard error). The results of the leaf/culm and HT/HFGL ratios and the IVDOM, TDN, ME and DE values were submitted to regression analysis, and the degrees of freedom of the evaluated factor were unfolded into linear, quadratic and cubic effects by the software Origin 8.5.1 SR1. For the choice of the regression model, the highest value of the coefficient of determination (R 2 ) was taken into account at p ≤ 0.05, according to the F test, respecting the biological response.
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Results
Climat
The avera experimen rainfall in Vol. 11, No. 8; The other species presented RIs below 10% regardless of the period during which the evaluation was performed ( Figure 1 ). This does not disqualify such species as possible competitors for environmental resources.
Forage Morphology and Structure
All variables related to the morphology of P. maximum cv. Mombaça were influenced by the presence of weeds.
Tiller height was lower than 125.0 cm in coexistence periods shorter than 30 DAE. However, periods of coexistence equal to or greater than 45 DAE promoted heights above 148.0 cm, statistically higher than the heights obtained in the periods of 0 (zero), 15 and 30 DAE (Figure 2A ).
The effects of the presence of weeds on tiller diameter were inversely of that observed for height. The increase in the coexistence period promoted decreases in the diameter values of tillers of Guinea grass. It is noteworthy that only 15 days of coexistence were sufficient to significantly reduce the diameter of the tiller when compared to 0 (zero) DAE ( Figure 2B ). The increase in the period of coexistence with weeds also negatively influenced the number of green leaves produced by Guinea grass. The periods from 0 (zero) to 60 DAE produced on average 5.1-5.8 leaves per tiller. The averages produced by the periods 75, 90 and 120 DAE were, respectively, 4.5, 4.1 and 3.8 leaves, which is statistically lower than the values obtained for the other periods of coexistence ( Figure 2C ).
The evaluation of dead leaves revealed the existence of four different levels of values. Statistically lower averages were obtained for the periods 0 (zero) and 15 DAE. The second level can be determined by the values obtained in the periods 30 and 45 DAE, followed by the values found in the periods 60 and 75 DAE. The highest and statistically higher values for dead leaves were caused by periods of 90 and 120 days of coexistence ( Figure 2D ).
Changes in the morphometry of Guinea grass can also be noted due to the relation between leaf biomass and stem biomass and the ratio between tiller height and height of the first green leaf. The increase in the coexistence period Vol. 11, No. 8; provided linear decreases in the leaf/culm ratio ( Figure 3A ) simultaneously with linear increases in the HT/HFGL ratio ( Figure 3B ). , statistically higher than the values obtained for coexistence periods equal to or greater than 15 DAE. It should be noted that the VDGL obtained at 15 DAE was 7.6 g m -3 and, from this period on, the effect of weeds is even more negative, since it provided statistically lower values, below 4.5 g m -3 ( Figure 4A ).
Coexistence with weeds also affected stem production in Guinea grass. It is possible to see in Figure 4B that the VDGS was 7.6 g m -3 at 15 and 30 DAE, both statistically superior to the VDGS obtained for other periods of coexistence. There was a similarity between the VDGS values observed for the absolute control (0 DAE) and for the periods 45 and 60 DAE. However, the coexistence with weeds for periods equal to or greater than 75 DAE statistically provided the lowest values for VDGS (below 4.8 g m -3
).
The volumetric density of dead material (VDDM) had a pattern of variation different from the other productivity variables evaluated. The lowest value of VDDM (0.9 g m -3
) was observed in the absence of coexistence with weeds (0 DAE); however, it was statistically similar to the 60, 90 and 120 DAE ( Figure 4C ). The lowest production of dead material obtained at 0 DAE is due to the non-competition within the population of Guinea grass (intraspecific), indicating that the seeds were used in a correct quantity during the experiment set up process. However, the lowest VDDM values obtained at 90 and 120 DAE are due to morphostructural changes imposed by the mutual coexistence with weeds, as previously mentioned. On the other hand, the highest amount of dead material (P < 0.0001) found for the 15 DAE coexistence period is due to the high production of vegetative structures by Guinea grass ( Figure 2B and C) associated to the change in the population density imposed by the presence of weeds and, consequently, the beginning of the biological relation of competition among the species.
By analyzing the total volumetric density, which represents the sum of the volumetric densities of all fractions, the increase in coexistence with weeds provided progressive decreases in VDTT values ( Figure 4D ). The reductions were more drastic (P < 0.01) for periods equal to or higher than 30 DAE, and reached only 5.7 g m -3 when the coexistence period was 120 DAE, which represents a reduction of 70% in ) obtained in the absence of coexistence ( Figure 4D ).
Forage NUTRITIONAL QUALIty
Neutral detergent fiber (NDF) contents were not influenced by coexistence with weeds. All NDF values did not differ statically (P > 0.05) and were above 60% ( Figure 5A ). According to Van Soest (1994) , within this range there would be a restriction of the consumption of bulk. The high NDF values (above 70%) obtained in this study, including for the control, are probably related to the date on which the final evaluation of the forage was carried out, since NDF values naturally tend to be higher according to the plant's age. The levels of ADF and iNDF increased as the period of coexistence with weeds increased, with a significant difference after 75 DAE ( Figures 5B and 5C ). On the other hand, IVDOM levels ( Figure 5D ) decreased markedly with the increase in the coexistence period, and only 15 days were enough to cause significant decreases in both variables when compared to the absence of coexistence ( Figures 5D and 5E ).
Crude protein (CP) levels also changed significantly due to weeds, and decreased as the coexistence period increased. Again, 15 DAE of coexistence were enough to reduce CP levels (P < 0.001), and the lowest values were obtained when the coexistence was equal to or greater than 45 DAE ( Figure 6A ). As expected, ADIN and N-ADF levels followed the same pattern as those obtained for ADF and iNDF. ADIN and N-ADF values were similar to the control (P > 0.05) at 15, 30, 45 and 60 DAE ( Figures 6B and 6C ). The in vitro digestibility of organic matter (IVDOM) decreased following quadratic proportions (P < 0.01) as the coexistence period increased ( Figure 7A ). The total digestible nutrient (TDN) decreased linearly according to the period of coexistence with weeds ( Figure 7B ). The negative influence of weeds is also observed on digestible (DE) and metabolizable (ME) energy of Guinea grass, since linear reductions (P < 0.01) occurred with the progression of coexistence with weeds ( Figures 7C and 7D ). In fact, the influence of weeds on IVDOM and TDN was expected since there were negative influences on different fiber and CP fractions of Guinea grass. The reduction in DE and ME values is also logical considering that much of the food energy assessment is estimated from TDN.
Potential Gas Production
The evaluations of potential for gas production of Guinea grass revealed that the coexistence with weeds contributed to an increase of GHG emissions. The total gas production was higher when the coexistence period was 120 DAE (P < 0.01). However, the total emission of gas decreased by approximately 6.5% when the period was 90 DAE and about 20% in the periods 30, 45, 60 and 75 DAE. The lowest (P < 0.01) total gas emissions were obtained during periods 0 and 15 days of coexistence with the weed community ( Figure 8A ).
The emission potential of NH 4 by Guinea grass followed practically the same pattern regarding the effects of coexistence with weeds. Emissions above 6.89 mL g -1 of OM were obtained for the periods 90 and 120 DAE, and below 5.58 mL g -1 of OM (P < 0.01) for 0 and 15 DAE coexistence period. The coexistence of 30, 45, 60 and 75 DAE produced intermediate values of NH 4 emission potential: between 6.28 and 6.38 mL g -1 of OM ( Figure 7B ).
The period of coexistence of 120 DAE was also responsible for the highest emission value of CO 2 by Guinea grass (P < 0.01), representing the production of 50.6 mL g -1 of OM. The 45, 75 and 90 DAE periods provided intermediate levels of emission: between 43.7 and 44.5 mL g -1 of OM. Values below 41.2 mL g -1 of OM (similar levels) (P > 0.05) were obtained for the 0, 15, 30 and 60 DAE periods of coexistence with weeds ( Figure 8C ). 
Discussion
Pasture degradation is a worldwide phenomenon and can be defined as an evolutionary process of loss of vigor, productivity and natural recovery capacity of forages. Typically, more than one cause is involved in the degradation process. There is a particular emphasis on the high intensity of forage grazing, absence of periodic soil fertility replacement and excessive use of fire to eliminate uncharged forage or to eliminate weeds. In addition, Vol. 11, No. 8; grazing failures caused by inadequate preparation, use of low quality seeds or sowing at inappropriate times also contribute to the beginning of the degradation process. Generally, the low productivity of livestock is associated with degradation, causing significant economic and environmental damage (Harris, 2010; Miehe et al., 2010; Dias-Filho, 2011; Reis, 2017) .
The most rational solution for such areas where an extreme level of degradation is diagnosed is pasture renewal. It consists in the destruction of the old vegetation, correction of soil fertility and sowing of a forage species appropriate to local environmental conditions (Macedo, 2009 ).
However, all such activities are inefficient to eliminate the seed bank left by weeds, which will germinate together with forage seeds and rapidly initiate a new degradation process (Marchi et al., 2017) .
The previous presence of weed seeds was confirmed in this study, since eleven different species occurred during the experimental period, especially CASOB, HYPSU and TIUBA in terms of importance (Table 1 and Figure 1) . These results corroborate with a phytosociological study carried out by Marchi et al. (2017) in a pasture of Brachiaria brizantha cv 'Marandú'. The authors reported that S. obtusifolia and H. suaveolens were the species within the weed community that presented the highest indexes of importance values.
The main fact to be highlighted in this study in relation to the phytosociological evaluation is that there has always been the presence of at least one weed species throughout the experimental period (Figure 1) . Even though the relative importance of each species has fluctuated (Figure 1 ), all eleven species together, that is, the weed community, were sufficient to establish a biological relationship of competition with Guinea grass, and thus potentially cause changes in forage grass morphogenesis from the first days after the emergence of seedlings.
Processes of formation and development, that is, leaf morphogenesis, are fundamental for plant growth, considering the importance of leaves in the process of photosynthesis, a starting point for the formation of new tissues (Santos et al., 2012) . Leaf morphogenesis in forage grasses during their vegetative growth is characterized by three factors: appearance rate, elongation rate and leaf longevity. The appearance rate and leaf longevity establish the number of live leaves per tiller. They are genetically determined and may be affected by environmental factors and management practices (Costa et al., 2017) .
Tropical forages, once shaded, tend to increase stem elongation and leaf senescence in order to obtain sunlight and better survival conditions (Casagrande et al., 2010) . This causes a strong accumulation of fibrous material, a decrease in the relation leaf/stem and, consequently, a lower food intake by animals (Lemaire et al., 2011) .
Thus, the increase in height (Figure 2A ) and the decrease in the diameter of tillers ( Figure 2B ), the low production of green leaves ( Figure 2C ), the increase in the number of dead leaves ( Figure 2D ), and the elevation of the live leaf position ( Figure 3B ) as found in this study characterize plant etiolation, a typical behavior of plants subjected to low luminosity (Marchi et al., 2017) . Thus, the presence of weeds caused the shading of the forage grass and a biological relationship of competition for the light factor, established as early as the first two weeks of coexistence with weeds. This significantly changed the leaf morphogenesis of Guinea grass.
In contrast, the change in leaf morphogenesis may compromise the structure of the forage canopy, which is understood as the spatial arrangement of the organs in shoots of plants and which has a marked effect on the grazing habit of animals (Mezzalira et al., 2014) . The live leaf is the morphological component that composes most of the diet preferred by animals because of its greater digestibility, accessibility and its lower resistance (Oliveira et al., 2016) . In addition, the green stem and dead material may negatively affect the ingestive behavior by hindering the animal's forage harvest during grazing (Santos et al., 2011) . Mezzalira et al. (2014) reported that pastures containing a higher proportion of stems, or where live leaves are sparser and scarce, reflect the increased time for bit formation, which may lead to an increased energy expenditure by animals during feeding.
The results for volumetric density obtained in this study indicate that the presence of weeds, besides competitively reducing the amount of food produced ( Figure 4D ), also changed the pasture structure due to a differential use of photoassimilates by Guinea grass (Figures 4A, 4B and 4C) . Consequently, it changes the form by which the forage is available to the animal. This change in forage canopy may reduce the effectiveness of the animal grazing habit and, consequently, the profitability of the livestock activity.
According to Oliveira et al. (2016) , the forage canopy structure, besides influencing the ingestive behavior, is also a preponderant factor in determining the quality of the feed offered to animals, especially due to its influence on the fibrous fractions more difficult to digest.
The NDF is a dietary factor quite representative of the volume occupied by the food. Diets with a high proportion of fiber fill the spaces of the rumen-reticulum, directly influencing the consumption and digestibility of animals. In diets with a low NDF (high energy), by increasing digestibility the consumption would be limited by energy satiation. In diets with a high NDF (low energy), where the filling would be promoting intake limitation, the digestibility would reduce this effect, increasing both the passage rate and feed intake (Lima et al., 2015; Sampaio et al., 2016) .
The levels of ADF and iNDF can be used as indicators of diet digestibility. The higher these values, the worse the food quality and the longer the retention time in the rumen of the animal, thus affecting the passage rate. Difante et al. (2009) stated that ADF values around 30% or lower provide a higher intake, while forages with levels above 40% represent lower intakes. The high content of ADF also indicates a higher proportion of the most resistant fiber constituents, such as resistant pentosans, cellulose, lignin and cutin, which are components of the cell wall responsible for the low digestibility of forages (Van Soest, 1994) . The lower the ADF (Figure 5B ), the higher the energy value of the plant ( Figures 7C and 7D) , the lower the lignin content and consequently the better the digestibility of the food ( Figure 7A) .
Similarly, the increase in iNDF contents ( Figure 5C ) reflects on the reduction of forage quality, since this component negatively affects animal consumption. The NDF, together with the ADF and iNDF, are determinants in the repletion process, that is, the food's ability to promote physical filling in the rumen, which directly affects voluntary consumption , Pesqueira-Silva et al., 2015 .
The change in the structure of the forage canopy also produced changes in the nitrogen fractions that compose the dry matter of Guinea grass ( Figure 6 ). The ADIN is the unavailable nitrogen and, by being insoluble in acid detergent, is composed of proteins and nitrogen compounds associated with lignin, tannins and Maillard products, which are highly resistant to microbial attacks and ruminal degradation (NRC, 2001 ). In the Maillard reaction, the protein reacts with the carbohydrates of the plant and becomes part of the ADF fraction (Van Soest, 1994) . However, Brennecke et al. (2011) suggest that the ADIN is not totally indigestible, presenting a digestibility of about 30% for forages. The nitrogen retained as N-ADF is practically indigestible and generally associated with lignin and other compounds of difficult degradation (Oliveira et al., 2010) . In addition, increases in N-ADF levels may occur when there is an excessive heat production and according to the physiological age of the plant. This may compromise the integrity and availability of the nitrogen fraction and, consequently, result in slower rates of degradation in the digestive tract of the animal (Sniffen et al., 1992; Possenti et al., 2016) .
However, Marchi et al. (2017) stated that the canopy structure can also change due to the action that weeds exert on the competition for environmental resources. Mineral nutrients are one of the most contentious factors among competing individuals. Even though soil fertility has been corrected in the area where the experiment was installed, weeds were able to recruit chemical components (especially nitrogen) when compared to the forages. The higher production of stem fibers in relation to green leaf production ( Figure 3A ) associated with the competition for the available nitrogen in the soil is the reason why there was a low conversion of the nitrogen absorbed by Guinea grass into nitrogen compounds of easy degradation ( Figure 6A ) concomitantly with the higher conversion into nitrogen compounds of difficult degradation ( Figures 6B and 6C ).
The changes that occurred in the chemical composition, especially the decrease in CP contents ( Figure 6A ) and the increase in the fiber fractions (Figure5B and 5C), directly affected the IVDOM contents of Guinea grass ( Figure  7A ). In turn, digestibility represents how much of the forage consumed will be effectively digested in the gastrointestinal tract of the animal for later absorption and use of compounds in metabolic routes (NRC, 2001 ). In addition, digestibility also influences the feed passage rate through the gastrointestinal tract and may compromise the animal's productive performance by 10-40%. As a rule, plant tissues with a low digestion correlate negatively with CP and positively with fiber and lignin contents, and require a longer rumen retention time for fibrolytic processes to occur (Oliveira et al., 2016) .
The concentration of potentially digestible components, comprising soluble carbohydrates, protein, minerals and other cellular contents, tend to decrease as the plants ripe. At the same time, the proportion of lignin, cellulose, hemicellulose and other indigestible fractions, such as cuticle and silica, increases. Consequently, there are decreases in digestibility (NRC, 2001) .
In this study, it is evident that the presence of weeds promoted a change in structural and non-structural carbohydrate portions and probably increased the proportion of lignin, cellulose, hemicellulose and other indigestible fractions ( Figure 5 ) related to the cells of Guinea grass.
The contents of total digestible nutrient (TDN) better represent the nutritional quality of the food. As the TDN values increase, more nutrients will be available and consequently there will be a higher digestible energy (DE) available for animal yield (Morais et al., 2016) . Tropical forage grasses can be considered of a low nutritional quality when they have a TDN of less than 60% (Valadares Filho et al., 2016) , a value obtained when the coexistence with weeds was equal to or greater than 60 DAE ( Figure 7B ).
However, for the feeding of animals with high energy requirements, the productivity indexes alone lose focus, and the nutritive value of forage plants becomes prominent, since this qualitative aspect interferes directly with the digestion process, affecting animal performance (Pereira, 2013) . Most nutrients in food, mainly energy and protein sources, are transformed into short chain fatty acids (SCFA), microbial mass and gases such as CH 4 , CO 2 , nitrous oxide (N 2 O) and hydrogen (H 2 ) (Baker, 1999; Chaves et al., 2006) .
In general, the gas production tends to increase when the nutritional quality and the digestibility of the food ingested are low. There is a great collaboration of the fiber fraction of the food for the production of total gases (Morgado et al., 2012) . This is because more fibrous foods remain in the rumen for longer and stimulate the development of microbial biomass with cellulolytic and methanogenic activity. The longer the time the particles remain in the interior of the rumen, the greater the amount of NH 4 produced per unit of forage digested (Archimède et al., 2011) . In addition, the production of CO 2 and NH 4 represents losses of 2-12% of the energy ingested, besides contributing to global warming (Aluwong et al., 2011) .
This was confirmed in this study. The values for total gas volume ( Figure 8A ), methane volume ( Figure 8B ) and carbon dioxide volume ( Figure 8C ) increased relatively as nutritional quality decreased ( Figures 7A and 7B ), causing considerable losses in the energy values of food ( Figures 7C and 7D ).
In addition, it is important to note that CH 4 is 23 times more potent for global warming than CO 2 , and 87% of the total CH 4 are produced in the rumen and 13% in the large intestine of the ruminant (Aghsaghali & Naser, 2011) .
Conclusions
By associating the results obtained for plant morphogenesis, nutritional quality and energetic value of the food and GHG production potential, we conclude that areas with unproductive and degraded tropical pastures that underwent a renewal process are subject to weed interference few weeks after the emergence of seedlings. Weed interference directly affects the initial development of plants by modifying the morphogenesis of Guinea grass, especially with regard to the formation of structural units rather than the production of leaves. This change in the structure of the forage canopy determines a lower nutritional value, loss in the energy value of the food for the maintenance of animals, and a greater GHG production potential. Thus, even if renewal practices were adopted, such as the use of suitable forage species for the production site, good quality seeds and the correct amount of sowing and correction of soil fertility, it is possible that in only 120 days, the pasture returns to a situation similar to the previous degradation condition, that is, low productive indexes associated with a high GHG emission potential.
In addition, the results obtained also suggest that a greater profitability and mitigation of GHG emissions can be achieved if weed control measures are adopted up to 30 days after emergence of seedlings in pasture renewal areas. This guarantees economic and environmental sustainability to the production of ruminants in tropical regions.
